From Usnea aciculifera, a new depside aciculiferin A (1) was isolated, together with eleven known compounds, (+)-(12R)-usnic acid (2), methyl haematommate (3), methyl β-orsellinate (4), methyl orsellinate (5), atranol (6), 7-hydroxy-5-methoxy-6-methylphthalide (7), norstictic acid (8), stictic acid (9), atranorin (10), barbatinic acid (11) and diffractaic acid (12). Their chemical structures were elucidated by 1D and 2D NMR spectroscopic as well as HR-ESI-MS analysis. Usnic acid (2) and depside diffractaic acid (12) presented in high yield of around 1.5% of the dried material. Some lichen substances inhibited the growth of some cancer cell lines. Three depsides, 1, 11 and 12, were evaluated for their cytotoxic activity against HeLa (human epithelial carcinoma), NCI-H460 (human lung cancer) and MCF-7 (human breast cancer) cell lines at the concentration of 100 μg/mL. Depside 1 showed good and depside 12 strong cytotoxic activity against three surveyed cancer cell lines.
Lichen metabolites exhibit manifold bioactivities including antibiotic, antiviral, analgesic, antipyretic, antiproliferative and cytotoxic effects. Over 1,000 lichen metabolites with various biological activities have been reported [1] , but Usnea aciculifera has not yet been chemically and biologically studied. Investigation of the methanolic extract of U. aciculifera has led to the isolation of a new depside aciculiferin A (1) and eleven known compounds (+)-(12R)-usnic acid (2) [2a] , methyl haematommate (3) [2b], methyl β-orsellinate (4) [3a] , methyl orsellinate (5) [3b], atranol (6) [2b], 7-hydroxy-5-methoxy-6-methylphthalide (7) [3c], norstictic acid (8) [4] , stictic acid (9) [5a] , atranorin (10) [3a] , barbatinic acid (11) [5b] and diffractaic acid (12) [5c] identified by comparison of their spectral data. (+)-Usnic acid (1.3%), diffractaic acid (1.6%), barbatinic acid (0.4%) and stictic acid (0.15%) were obtained in high yields, based on the dry weight. , showed an IR absorption band for an ester group (1720 cm -1 ). The 1 H NMR spectrum exhibited signals corresponding to four methyl groups ( 2.43, s; 2.25, s; 2.13, s; 2.11, s) , two methoxy groups (δ 3.88, s; 3.83, s), three aromatic protons (δ 6.73, s; 6.64, s; 6.53, s) and one hydroxyl group (δ 8.43, s) . The 13 C NMR spectrum revealed 19 carbons: one carboxyl group at δ 167.1 (C-7), four aromatic oxygenated quaternary carbons [δ 160.7 (C-4) , 157.8 (C-2), 151.5 (C-2'), 157.2 (C-4')], five quaternary carbons [ 121.8 (C-1), 117.8 (C-3), 135.7 (C-6), 115.5 (C-3'), 137.2 (C-6')], three aromatic methine carbons [(δ 114.6 (C-1'), 109.1 (C-5), 114.1 (C-5')], two methoxy groups [δ 56.2 (2-OCH 3 ), 62.3 (4-OCH 3 )] and four methyl groups [δ 21.1 (C-7'), 20.0 (C-8), 9.4 (C-8'), 9.1 (C-9)], but lacking one carboxyl group at C-1' in the B-ring. The 13 C NMR spectrum of 1 was similar to that of diffractaic acid (12), except for the appearance of one more aromatic methine signal at  H 6.53 ppm (H-1', 1H, s). The HMBC (Figure 1 ) correlations of these two protons at δ H 6.53 and 6.64 with the methyl group at δ C 21.1 (C-7') confirmed that they were on ring B. Substituents on the A-ring were confirmed by HMBC correlations from methyl protons H 3 -9 to C-2, C-3, from methyl protons H 3 -8 to C-5, C-6, from the aromatic methine H-5 to C-3, C-4 and C-8, and from the two methoxy groups at δ H 3.83 and 3.88 to C-4 (δ C 160.7) and C-2 (δ C 157.8), respectively. The identification of the 2',3',4',6'-tetrasubstituted benzene ring (ring B) was supported by the HMBC correlations from methyl protons H 3 -7' to C-1', C-5' and C-6', methyl protons H 3 -8' to C-2', C-3' and C-4', the aromatic proton H-1' to C-2' and C-7' and the second aromatic proton H-5' to C-4' and C-7'. The connection of ring B and ring A via an ester linkage was confirmed by the upfield signal at  167.1 of the carboxyl C-7. Accordingly, 1 was elucidated as a decarboxylated diffractaic acid and was named aciculiferin A.
The 1 H NMR spectrum (Table 1 ) of compound 7 showed the presence of a methoxy group, a hydroxyl group, one aromatic proton, two oxymethine protons, and a methyl group. Based on HMBC correlations (Figure 1) , it was elucidated as 7-hydroxy-5methoxy-6-methylphthalide. This compound had been synthesized from 4-methyl-3,5-dimethoxybenzyl alcohol [3c], but this is the first time that it has been found in nature.
The cytotoxic activities of three depsides: barbatinic acid (11), diffractaic acid (12) and 1 against HeLa (human epithelial carcinoma), MCF-7 (human breast cancer) and NCI-H460 (human lung cancer) cell lines were evaluated (Table 2) . Depside 1 showed good activity, 12 strong cytotoxic activitiy, and 11 moderate activity at the dose of 100 µg/mL. 
Extraction and isolation:
The clean, air-dried and ground material (1.5 kg) was macerated with methanol at room temperature and concentrated under reduced pressure to afford the crude methanolic extract (400 g). This was subjected to silica gel CC using gradient elution of n-hexane-ethyl acetate, then ethyl acetate-methanol (99:1-1:1) to give 7 fractions (A1 to A7). Fraction A1 (28.9 g) was subjected to silica gel CC eluted with n-hexane-ethyl acetate (99-1) to give: 1 (46.0 mg), (+)-(12R)-usnic acid (2; 19.9 g), methyl haematommate (3; 36 mg), methyl β-orsellinate (4; 35 mg), methyl orsellinate (5; 30 mg), and atranol (6; 26 mg). The same procedure was applied to fraction A2 (45.3 g) to afford: 7-hydroxy-5methoxy-6-methylphthalide (7; 32.0 mg), norstictic acid (8; 2.0 g), stictic acid (9; 2.2 g), atranorin (10; 25 mg), barbatinic acid (11; 5.5 g) and diffractaic acid (12; 25 g). 7-Hydroxy-5-methoxy-6-methylphthalide (7) Colorless amorphous powder. 1 H and 13 C NMR (CDCl 3 ): Table 1 .
Biological assays [6a,6b] : All cells were cultured in E'MEM medium (Eagle's Minimal Essential Medium) supplemented with 10% fetal bovine serum (FBS), 1% 2 mM L-glutamine, 50 IU/mL penicillin, and 50 μg/mL streptomycin and maintained at 37°C in a 5% CO 2 atmosphere with 95% humidity. Viable cells were counted and inoculated in a 96-well plate with a density of 10 4 cells/100 μL/well. After 24 h the cells were treated with the pure compounds, while to the control wells only 100 μL medium was added. All experiments were in triplicate. The plates were incubated at 37°C in an atmosphere of 5% CO 2 and 95% humidity for 48 h. Adherent cell cultures were fixed by adding 50 μL of cold 50% (w/v) trichloroacetic acid per well and incubated at 4 °C for 1 h. The plates were washed 5 times with distilled water, air dried. Then a solution of 50 μL of SRB (0.4%, w/v in 1% acetic acid) was added to each well and allowed for staining at room temperature for 30 min. The SRB solution was removed from the plates by rinsing 4 times with 1% glacial acetic acid solution (200 μL/well). The plates were air-dried for 12-24 h. The bound SRB was solubilized in each well by adding 100 μL of 10 mm Tris Base (pH 10.5). The plates were shaken gently for 20 min and the optical density of each well was read using a scanning multiwall spectrophotometer at a test wavelength of 492 nm and a reference wavelength of 620 nm. Cell survival was measured as the percentage absorbance compared with the control (non-treated cells).
